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0)HPWRFHOOKDVEHHQRULJLQDWHGE\FRPELQLQJWKHFRQFHSWRIWZR
WHFKQRORJLHV ILUVW LV WKH IL[HG IHPWRFHOO WHFKQRORJ\ DQG WKH VHFRQG LV PRELOH UHOD\V 7KH EHVW SDUW RI XVLQJ
0)HPWRFHOO LV WKHDELOLW\RI WKLVVPDOO0)HPWRFHOO WREHPRYHGDURXQGDQGG\QDPLFDOO\E\XVLQJKDQGRII LWFDQ
FKDQJHLWVFRQQHFWLRQWRWKHRSHUDWRU¶VFRUHQHWZRUN7KHFRQFHSWRIWKH0)HPWRFHOOFDQEHVHHQDVEHVWH[DPSOH
IRU LPSOHPHQWDWLRQRIPRELOHQHWZRUNVZKLFK FDQEH HVWDEOLVKHGRQ DQ\SXEOLF WUDQVSRUW OLNH WUDLQV EXVHVRURQ
SULYDWHFDUV
0RELOHXVHUVWUDYHOOLQJWKURXJK3XEOLFYHKLFOHVOLNHWUDLQVDQGEXVHVFDQDFWDVPRYLQJKRWVSRW8VHUVIUHTXHQWO\
UHTXHVW GLYHUVH GDWD VHUYLFHV VXFK DV YLGHR VWUHDPLQJ ZHE EURZVLQJ DQG RQOLQH JDPLQJ 7KHVH XVHUV LQVLGH D
YHKLFOH ZKLFK LV PRYLQJPD\ XQGHUJRPXOWLSOH KDQGRYHUV ZKLFK FDXVHV VLJQLILFDQW LQFUHDVH LQ KLJK FRQQHFWLRQ
IDLOXUHVDQGVLJQDOOLQJORDGLQ WKHQHWZRUN$OVR WKHPHWDOOLFHQFORVXUHRI WKHYHKLFOHFDQVXIIHUKLJKSHQHWUDWLRQ
ZKLFKUHVXOWVLQSRRUFRQQHFWLRQQHWZRUNUHVXOWLQJLQFDOOGURSSLQJ0DMRUMXQNRIWKHSRSXODWLRQKDSSHQVWRWUDYHOD
ORW LQ WKHLU GD\ WR GD\ OLIH7KHUHIRUH WKH SUREOHPV OLNH GURSSLQJ FDOOV DQG VLJQDOOLQJ ORDGZLWKLQ D IDVWPRYLQJ
YHKLFOHQHHGWREHUHVROYHGE\JLYLQJDEHWWHUH[SHULHQFHLQWHUQHWFRQQHFWLYLW\RQWKHPRYH
'HSOR\PHQWRIIHPWRFHOOVUHTXLUHVVSHFWUXPWREHGLYLGHGDPRQJWKHP$VWKHVSHFWUXPLVOLPLWHGHIILFLHQF\RI
VSHFWUXP VXIIHUV 6R VSHFLDO HIIRUW QHHG WR EH WDNHQ ZKLOH GHSOR\LQJ PRELOH IHPWRFHOO WR HQKDQFH WKH VSHFWUDO
HIILFLHQF\RIFHOOXODUQHWZRUN,WLQFOXGHVZRUNLQJRQUHVRXUFHVFKHGXOLQJVSHFWUXPDOORFDWLRQDQGXVLQJIUHTXHQF\
UHXVH IDFWRU HIIHFWLYHO\ EHFDXVH WKHVH DVSHFWV GLUHFWO\ DIIHFW WKH VSHFWUXP HIILFLHQF\ 7KLV SDSHU GLVFXVVHV
FRPSUHKHQVLYH VXUYH\ RQ YDULRXV WHFKQLTXHV WKDW DUH UHFHQWO\ XVHG IRU LPSURYLQJ VSHFWUDO HIILFLHQF\ LQ PRELOH
IHPWRFHOOQHWZRUN,QWKHHQGWKHSDSHUFRQFOXGHVE\FRPSDULQJWKHVHWHFKQLTXHVDQGVXJJHVWLQJEHWWHUWHFKQLTXH
ZKLFK LV WUXVWHG EXW QRW XVHG \HW LQPRELOH IHPWRFHOO QHWZRUN WR LQFUHDVH WKH VSHFWUDO HIILFLHQF\6HFWLRQ  
VXUYH\VWKHUHFHQWO\UHVHDUFKHGWHFKQLTXHVDQGVHFWLRQLQYHVWLJDWHVWKHQHZDSSURDFK
5HVRXUFH6FKHGXOLQJ
5DGLRUHVRXUFHDOORFDWLRQSOD\VDQLPSRUWDQWUROHLQGHFLGLQJWKHIDFWRURIVSHFWUXPHIILFLHQF\7RREWDLQGDWDDW
KLJKVSHHGDQGOLPLWDWLRQRIEDQGZLGWKRQWKHRWKHUVLGHUHTXLUHVRIUHXVLQJWKHVDPHIUHTXHQF\IURPFHOO WRFHOO
7KLVUHTXLUHVDODUJHUQXPEHURIPDFUREDVHVWDWLRQVZKLFKOHDGVWRLQFUHDVHLQLPSOHPHQWDWLRQDQGRSHUDWLQJFRVWV
7RFRPSHQVDWHWKLVDWZRWLHUPLFURFHOOIHPWRFHOOV\VWHPLVIRUPHG7KHUHVRXUFHUHXVHVWUDWHJ\IRFXVHVRQUHXVLQJ
DUHVRXUFHEORFN5%DPRQJIHPWRXVHUVDQGFDQEHVWDWHGDVIROORZV2QFHDQ5%LVDVVLJQHGWRDPDFURXVHUWKH
DVVLJQHG5%FDQQRWEH UHDVVLJQHG WRDQ\RWKHUXVHU+RZHYHUDQ5%DVVLJQHG WRD IHPWRXVHUFDQEH UHXVHGE\
RWKHU IHPWR XVHUV VLPXOWDQHRXVO\ VXEMHFW WR WKH LQWHUIHUHQFH FRRUGLQDWLRQ VWUDWHJ\ WKDW UHVXOWV LQ LPSURYLQJ WKH
VSHFWUDOHIILFLHQF\SHUIRUPDQFH
+RZHYHU WKH LQWHUIHUHQFHFRRUGLQDWLRQZRUNVRQO\ IRU IL[HG IHPWRFHOOQHWZRUNZKHUHDV WKHPRELOH IHPWRFHOO
ZLOOKDYH LQWHUIHUHQFHVZKHQERWKRI WKHPZLOO FRPHFORVH WRHDFKRWKHUZKLOH URDPLQJ7RRYHUFRPH WKHPDMRU
LVVXH RI LQWHUIHUHQFHV LQ PRELOH IHPWRFHOO QHWZRUN SURSHU VSHFWUXP DOORFDWLRQ VFKHPH LV UHTXLUHG ,W ZLOO KHOS
PLQLPL]HWKHLQWHUIHUHQFHDQGLQFUHDVHWKHVSHFWUDOHIILFLHQF\RIQHWZRUN6RWKHQH[WVHFWLRQGHVFULEHVWKHVSHFWUXP
DOORFDWLRQWHFKQLTXHWRORRNDIWHUWKHOLPLWDWLRQLQDERYHWHFKQLTXHZKLOHNHHSLQJWKHPDLQDLPLQSULRULW\
6SHFWUXP$OORFDWLRQE\4/HDUQLQJ$OJRULWKP
,QWHUIHUHQFHPDQDJHPHQW LV WKHPDLQ LVVXH RI GHVLJQLQJ IHPWRFHOO QHWZRUN DQG LW KDV H[WHQVLYH UHVHDUFKZRUN
SRWHQWLDO&RPSOHWH UHPRYDO RI LQWHUIHUHQFH LV QRW SRVVLEOH EXW LW FDQEHPDQDJHGE\SURSHU VSHFWUXPDOORFDWLRQ
VFKHPH3OXVWKLVWHFKQLTXHKHOSVWRLQFUHDVHWKHVSHFWUDOHIILFLHQF\RIQHWZRUN5HLQIRUFHPHQWOHDUQLQJ5/LVRQH
RIPDFKLQHOHDUQLQJPHWKRGVZKLFKLVGHYHORSHGIURPDQLPDOVWXG\DQGDGDSWLYHFRQWUROWKHRU\ZLWKWKHIHHGEDFN
RIHQYLURQPHQWDVLWVLQSXWWKURXJKFRQWLQXRXVH[SORUDWRU\LQWHUDFWLRQZLWKWKHHQYLURQPHQWWRGHWHUPLQHRSWLPDO
DFWLRQ DV VKRZQ LQ)LJ 4/HDUQLQJ LV D FODVVLFDO5/ZKLFKXVHV VWDWH DFWLRQSDLU RQ WKH4YDOXH IXQFWLRQ WR
LWHUDWLRQXVLQJWKHHVWLPDWHGUHZDUGIXQFWLRQWRVHOHFWWKHQH[WDFWLRQDQGRSWLPL]HWKH4IXQFWLRQ
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+HUH4/HDUQLQJLVFRPELQHGZLWKWKHVSHFWUXPDOORFDWLRQ,WSURSRVHGDG\QDPLFVSHFWUXPDOORFDWLRQVFKHPH
IRU IHPWRFHOO QHWZRUNV EDVHG RQ 4/HDUQLQJ WR G\QDPLFDOO\ DGMXVW WKH QXPEHU RI VXE FKDQQHOV XQGHU GLIIHUHQW
IUHTXHQF\UHXVHIDFWRUVWDNLQJLQWRDFFRXQWDOOWKHVSHFWUDOHIILFLHQF\RIIHPWRFHOOVDVDUHZDUGIXQFWLRQWRHQVXUH
WKHPLQLPXPVSHFWUDOHIILFLHQF\DVPXFKDVSRVVLEOH4/HDUQLQJFRQWLQXHVWRLQWHUDFWZLWKWKHHQYLURQPHQWWROHDUQ
WKH NQRZOHGJH DQG HYHQWXDOO\ FRQYHUJH WR WKH RSWLPDO FKDQQHO DOORFDWLRQ 2QFH WKH HQYLURQPHQW FKDQJHG WKH
V\VWHPZLOOUHOHDUQDQHZFKDQQHODOORFDWLRQVFKHPHZKLFKXOWLPDWHO\LPSURYHVWKHHGJHVSHFWUDOHIILFLHQF\
7KHV\VWHPXVHGLQ WKLVPRGHO LVFHQWUDOL]HGLQQDWXUH%XW WKHQHHGRI WLPHLV WRKDYHZLGHIHPWRFHOOQHWZRUN
VSUHDG HYHU\ZKHUH 7R VXSSRUW WKLV V\VWHPPRGHO LW VKRXOG EH GHVLJQHG LQ GLVWULEXWHG IRUPDW $OVR WKH FRQWURO
VLJQDORYHUKHDGIRUPHGGXHWRWKHXVHRIVHOIDZDUHQHVVDOJRULWKPPDNHVLWPRUHGLIILFXOWWRKDQGOHWKHLQFUHPHQWLQ
WKH WUDIILFPDNLQJ VSHFWUXP OHVV HIILFLHQW 7KLV SDSHU JLYHVPRUH DWWHQWLRQ WRZDUGV WKH HGJH VSHFWUDO HIILFLHQF\
UDWKHUWKDQRYHUDOOVSHFWUDOHIILFLHQF\6RIRUWKHEHWWHUPHQWRIRYHUDOOVSHFWUDOHIILFLHQF\VSHFLDOFDUHQHHGVWREH
WDNHQE\XVLQJDSSURSULDWHIUHTXHQF\UHXVHIDFWRU)5)+HUH)5)JRWDGMXVWHGDFFRUGLQJWR WKHHQYLURQPHQWDO
FRQGLWLRQFDSWXUHGE\4OHDUQLQJDOJRULWKPZKLFKPD\ OHDG WRXQHYHQVSHFWUDOHIILFLHQF\1H[W WHFKQLTXHPDLQO\
FRQFHQWUDWHVRQ)5)WRDFKLHYHEHWWHURYHUDOOVSHFWUDOHIILFLHQF\
)UDFWLRQDO)UHTXHQF\5HXVH))56FKHPH
7KHFHOOVSHFWUDOHIILFLHQF\FKDQJHVZLWKIUHTXHQF\UHXVHIDFWRU7KHVPDOOHUWKH)5)LVWKHPRUHVXEFKDQQHOV
HDFK FHOO FDQ DOORFDWH DQGEHWWHU WKHRYHUDOO V\VWHP VSHFWUDO HIILFLHQF\ DUH EXW WKLVPD\ FDXVH ORZHGJH VSHFWUDO
HIILFLHQF\7KH HGJH VSHFWUDO HIILFLHQF\ LPSURYHVZLWK WKH LQFUHDVH RI)5)7R LPSURYH WKH UHVRXUFH XWLOL]DWLRQ
IUDFWLRQDOIUHTXHQF\UHXVH))5LVLQWURGXFHGZKHUHWKHXVHUVQHDUDEDVHVWDWLRQRUFHOOFHQWUHDUHDOORFDWHGZLWK
WKHZLGHUEDQGZLGWKVZKLOHXVHUVDWWKHFHOOHGJHDUHDEOHWRXVHRQO\DVPDOOIUDFWLRQRIWKHWRWDOEDQGZLGWK,QWKLV
SDSHU LW  SURSRVHV D K\EULG WZR UHVRXUFH DOORFDWLRQ VWUDWHJ\ SDUWO\ FRFKDQQHO DQG SDUWO\ RUWKRJRQDO IRU
FRPPHUFLDODQGKRPHXVHUVEDVHGRQWKHDVVXPSWLRQWKDWWKHFRPPHUFLDOIHPWRFHOOVEDVHVWDWLRQF)%6UHTXLUHV
PRUHUHVRXUFHVWRFDWHUIRUPRUHXVHUVDQGPRUHFDSDFLW\FRPSDUHGWRKRPHIHPWRFHOOVEDVHVWDWLRQK)%67KH
F)%6LVXVXDOO\PDQDJHGE\WKHQHWZRUNRSHUDWRUVKHQFHFHQWUDOL]HGPLWLJDWLRQWHFKQLTXHFDQEHSHUIRUPHGZKLOH
K)%6LVUDQGRPO\GHSOR\HG7KHUHIRUHLWSURSRVHGFRFKDQQHOUHVRXUFHDOORFDWLRQZLWKSRZHUFRQWUROVLPLODUWRVRIW
IUHTXHQF\ UHXVH 6)5 IRU F)%6ZKLOHK)%6DUH DOORFDWHGZLWKRUWKRJRQDO FKDQQHOV WR WKH VHUYLQJPDFURFHOO DV
VKRZQLQ)LJD
,QWKLVSDSHULWDOVRLQYHVWLJDWHVWKHLQWHUIHUHQFHDQGVSHFWUDOHIILFLHQF\XVLQJDUHDVSHFWUDOHIILFLHQF\EHWZHHQ
IHPWRFHOOVDQGPDFURFHOOVLQDWZRWLHU))5QHWZRUN$IUHTXHQF\VZDSSHGVSHFWUXPLVSURSRVHGDQGLWH[WHQGVWKH
DQDO\VLVWRLQFOXGHGLIIHUHQWVWUDWHJLHVIRUF)%6DQGK)%6$QDO\WLFDOO\LWPHDVXUHWKHSHUIRUPDQFHDQDO\VLVRIWKH
WZRWLHUQHWZRUNLQWHUPVRIVSHFWUDOHIILFLHQF\LQPXOWLFHOOVDQGGHGXFHWKHRSWLPDOWKUHVKROGGLVWDQFHIRUWKHFHOO
FHQWUHDQGFHOOHGJHLQIXOO\ORDGHG))5PDFURFHOOVDVVKRZQLQ)LJE
$OWKRXJKFRFKDQQHOUHVRXUFHDOORFDWLRQZLWK))5VFKHPHSURYLGHVPRUHEDQGZLGWKDQGFRQVHTXHQWO\LPSURYHV
RYHUDOOVSHFWUDOHIILFLHQF\WKHGUDZEDFNRIQHHGLQJWRPLWLJDWHFRFKDQQHOLQWHUIHUHQFHEHWZHHQWLHUVLQWURGXFHVD
ORW RI SRWHQWLDO SUREOHPV VXFK DV GHDG ]RQH RXWDJH FDSDFLW\ DQG UHGXFHG FRYHUDJH UDQJH 6R DIWHU VXUYH\LQJ
VSHFWUXPDOORFDWLRQUHVRXUFHVFKHGXOLQJDQGIUHTXHQF\UHXVHVFKHPHRQHQHHGHGWRUHVHDUFKLQQHZGLPHQVLRQIRU
737 Sudhanshu N. Tayade /  Procedia Computer Science  78 ( 2016 )  734 – 739 
WKHVS
IRUVS


)LJ
&R

1R
QHWZR
QHWZR
GLIIHU
DV WKH
EDQGZ
PRYLQ
GLVFR
LPSRU

5.1 Le
0D
SRSXO
VWULQJ
ZK
)RUH[
LQLWLDO
LVQRW
GLFWLR
QH[W
FKDUD
7K
6SHFL
GLFWLR
FRQVW
HFWUDOHIILFLHQF
HFWUDOHIILFLHQF
D)HPWRFHOOVF)%
PSUHVVLRQDQG
ZDGD\V&RPS
UNDVLWKHOSVQ
UNLVDOWRJHWKH
HQWVHQVRUQRGH
DYHUDJLQJ WKH
LGWK RI WKH QH
JDWYHU\KLJK
QQHFWHG UDWKHU
WDQWUROHLQPD
mpel Ziv Welc
Q\ FRPSUHVVLR
DUH[DPSOHVZK
VLV/HPSHO=LY
HUHDGLFWLRQDU\
DPSOHDFFRUG
HQWULHV7KHQW
WKHUHLQWKHQH
QDU\LVVHQWWRW
DYDLODEOHFRGH
FWHURIWKHSUHY
H /=: DOJRU
ILFDOO\ EHFDXV
QDU\HQWULHVFD
UXFWWKHFRPSOH
D
\RIIHPWRFHOO
\LQIHPWRFHOOQ
6DQGK)%6LQPD
$JJUHJDWLRQ7
UHVVLRQDQGDJJ
HWZRUNFRSHZ
UGLIIHUHQWIURP
DQGUHSRUWLQJ
GDWD%\DJJUH
WZRUN FDQ UHP
VSHHGWKHPDL
WKDQ4R6 6R
LQWDLQLQJWKHVS
h Compression 
Q DOJRULWKPV K
LFKG\QDPLFDO
:HOFK/=:
LVIRUPHGWRF
LQJWR$PHULFDQ
KH/=:DOJRUL
ZGLFWLRQDU\:
KHRXWSXWVWUHD
7KHQ WKH/=:
LRXVVWULQJ
LWKP KDV QR
H ERWK WKH VHQ
QEHREWDLQHGI
WHGLFWLRQDU\Z
QHWZRUN&RPS
HWZRUNZKHUHY
FURFHOO))5VFKHP
I
HFKQLTXH
UHJDWLRQLVWKH
LWKWKHLVVXHRI
WKHRQHLQIHP
LWWRVLQNQRGH
JDWLQJ WKH UHGX
DLQ DYDLODEOH I
QSULRULW\RIXV
&RPSUHVVLRQ R
HFWUDOHIILFLHQF\
Technique 
DYH EHHQ SURS
O\FRQVWUXFWDG
FRPSUHVVLRQ
UHDWHWKHVLQJOH
VWDQGDUGFRGH
WKPLQVSHFWVHD
KHQVXFKDVWUL
PRIGDWD$WWK
DOJRULWKPFR
WUDQVPLVVLRQ R
GHU DQG WKH U
URPH[LVWLQJGL
KLOHUHFHLYLQJWK
UHVVLRQDQGDJ
DULRXVGHVLJQL
HE6WDWLFUHVRXU
RUF)%6DQGK)%6

PRVWSURPLVLQJ
HQHUJ\VFDUFLW\
WRFHOOQHWZRUN
LVWHUPDVGDWD
QGDQWGDWD WKD
RU WKH RWKHUP
HUVKRXOGEHWR
I WKH GDWD WUDQ
RIQHWZRUN
RVHG WR VXSSRU
LFWLRQDU\WRHQF
WHFKQLTXH7KH
FKDUDFWHUVWULQ
IRULQIRUPDWLRQ
FKFKDUDFWHURI
QJLVLQVSHFWHG
HVDPHWLPHWKL
QWLQXHV WR VFDQ
YHUKHDG ,W LV
HFHLYHU SRVVHV
FWLRQDU\HQWULHV
HFRPSUHVVHG
JUHJDWLRQWHFKQ
VVXHVDIIHFWVHD
FHDOORFDWLRQVIRU)

WHFKQLTXHZK
+HUHDJJUHJD
,QZLUHOHVVVH
DJJUHJDWLRQ%
W LVEHHQ WUDQVP
RELOH IHPWRFHOO
UHPDLQFRQQHF
VPLWWHG RYHUP
W ORVVOHVV FRPS
RGHQHZVWULQJ
IORZFKDUWRIWK
JVFRUUHVSRQGL
LQWHUFKDQJH$
WKHLQSXWGDWDV
WKHLQGH[RIWK
VQHZVWULQJLV
 WKH LQSXWGDWD
DOVR WKH VLPS
VHG VDPH LQLWL
DQGWKHLQSXW
GDWDRQWKHIO\
E
LTXHVDUHQRWQ
FKRWKHULVLQWH
)5PDFURFHOOFHOOF
LFKLVEHHQXVH
WLRQWHUPZHD
QVRUQHWZRUNF
XWKHUHZHDUHW
LWWHGRYHUFKD
 XVHU WR XVH LW
WHGWRWKHQHWZ
RELOH IHPWRFHO
UHVVLRQ IRU WH[
VEDVHGRQSUHY
H/=:DOJRULWK
QJWRDOOSRVVLE
6&,,WKHGLFW
WUHDPXQWLOLWI
HORQJHVWPDWF
HQWHUHGLQWRWKH
 VWUHDPZKLFK
OHVW WHFKQLTXH
DO GLFWLRQDU\ H
GDWDVWUHDP7K

HZEXWWRXVHW
UHVWLQJWKLQJWR
HQWUHDQGFHOOHGJH
GLQZLUHOHVVVH
UHXVLQJLQZLU
ROOHFWLQJGDWD
HUPLQJDJJUHJ
QQHOV WKHHIIH
$OVRZKHQ XV
RUNZLWKRXWJH
O QHWZRUN FDQ
W GDWD 2QH R
LRXVO\HQFRXQW
PLVVKRZQLQ
OHLQSXWFKDUDF
LRQDU\FRQWDLQV
LQGVDVXEVWULQJ
KHGVXEVWULQJLQ
GLFWLRQDU\ZLW
VWDUWV IURP WKH
V IRU FRPSUHV
QWULHV DQG DOO
XVWKHUHFHLYHU
KHP
VHH

DUHD
QVRU
HOHVV
IURP
DWLRQ
FWLYH
HU LV
WWLQJ
SOD\
I WKH
HUHG
)LJ
WHUV

WKDW
WKH
KWKH
 ODVW
VLRQ
QHZ
FDQ
738   Sudhanshu N. Tayade /  Procedia Computer Science  78 ( 2016 )  734 – 739 


)LJ7KHIORZFKDUWRIWKH/=:DOJRULWKP

5.2 Threshold Aggregation for Aggregation Technique 
     $JJUHJDWLQJ WKH GDWD LV WKHPRVW FUXFLDO VWHS LQ DJJUHJDWLRQ WHFKQLTXH 7R GHFLGH KRZPXFK GDWD VKRXOG EH
DJJUHJDWHGDQGWKHSDUDPHWHUUHODWHGWRLWIRUDYHUDJLQJLVLPSRUWDQW6RKHUHWKUHVKROGDJJUHJDWLRQLVFRQVLGHUHGDV
PRVWVXLWDEOHEHFDXVHLWXVHVWKHWKUHVKROGYDOXHSDUDPHWHUIRUDJJUHJDWLRQ)RUH[DPSOHLIZHKDYHGDWDVWUHDPRI
DQGOHW[! EHWKHWKUHVKROGYDOXHWKHQWKHYDOXHYDU\LQJOHVVWKDQZLOO
EHUHMHFWHGDQGWKHYDOXHYDU\LQJPRUHWKDQRUHTXDOWRZLOOEHLQFOXGHG6RE\DSSO\LQJWKHWKUHVKROGDJJUHJDWLRQ
IRUDERYHH[DPSOHZHZLOOJHWWKHRXWSXWDV7KHVHWHFKQLTXHVKHOSPDNHHIILFLHQWXVHRIVSHFWUXP
E\DLGLQJWRHQHUJ\HIILFLHQF\DVZHOO

&RQFOXVLRQ

6R ULJKW IURP WKH VWDUW ZH VXUYH\HG GLIIHUHQW WHFKQLTXHV IRU LQFUHDVLQJ WKH HIILFLHQF\ RI VSHFWUXP LQ PRELOH
IHPWRFHOOQHWZRUN9HU\IHZZRUNLVEHHQGRQHRQWKHVSHFWUDOHIILFLHQF\RIPRELOHIHPWRFHOODVFRPSDUHGWRIL[HG
IHPWRFHOO QHWZRUN:HYLHZHGKRZVRPH WHFKQLTXHV VWLOO ODFNV LQKDYLQJ VSHFWUXPHIILFLHQF\)LUVW WHFKQLTXHRI
UHVRXUFHVFKHGXOLQJLVPRUHDIIHFWHGE\WKHWZRWLHUUHVRXUFHDOORFDWLRQZKLFKDGGVLQWHUIHUHQFHVWRWKHQHWZRUN6R
ZHPRYHGWRVHFRQGWHFKQLTXHWRFRPSHQVDWHWKHLQWHUIHUHQFHE\XVLQJVSHFWUXPDOORFDWLRQ%XWEHFDXVHRIWKH4
OHDUQLQJDOJRULWKPWKHSHUIRUPDQFHRI WKHQHWZRUNGURSSHGGXHWR WKHFRQWLQXRXVXVHRIFRQWUROVLJQDOVRYHUKHDG
NHHSLQJ WKH FKDQQHO EDQGZLGWK RFFXSLHG$OVR LWZRUNHGPRUH IRU EHWWHUPHQW RI HGJH VSHFWUDO HIILFLHQF\ 6R WR
PDNH WKH RYHUDOO VSHFWUXPRI WKHQHWZRUNPRUH HIILFLHQWZHXVHG))5 VFKHPHZKLFK XVHV IUDFWLRQDO IUHTXHQF\
UHXVHEXWLWFUHDWHGGHDG]RQHVLQWKHQHWZRUN
6RFKRRVLQJXQRUWKRGR[ZD\ZHSURSRVHGFRPSUHVVLRQDQGDJJUHJDWLRQWRXVHLQIHPWRFHOOQHWZRUNWRDYRLGDOO
WKHVKRUWFRPLQJVZHIDFHZKLOHVXUYH\LQJIRUWKHVSHFWUDOHIILFLHQF\LQPRELOHIHPWRFHOOQHWZRUN
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